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Abstract
In an era of rapid climate change there is a pressing need to understand how organisms will cope 23 with faster and less predictable variation in environmental conditions. Here we develop a 24 unifying model that predicts evolutionary responses to environmentally driven fluctuating 25 selection, and use this theoretical framework to explore the potential consequences of altered 26 environmental cycles. We first show that the parameter space determined by different 27 combinations of predictability and timescale of environmental variation is partitioned into 28 distinct regions where a single mode of response (reversible phenotypic plasticity, irreversible 29 phenotypic plasticity, bet-hedging, or adaptive tracking) has a clear selective advantage over all 30 others. We then demonstrate that although significant environmental changes within these 31 regions can be accommodated by evolution, most changes that involve transitions between 32 regions result in rapid population collapse and often extinction. Thus, the boundaries between 33 response mode regions in our model correspond to 'evolutionary tipping points' where even 34 minor changes in environmental parameters can have dramatic and disproportionate 35 consequences on population viability. Finally, we discuss how different life histories and genetic 36 architectures may influence the location of tipping points in parameter space and the likelihood 37 of extinction during such transitions. These insights can help identify and address some of the 38 cryptic threats to natural populations that are likely to result from any natural or human-induced 39 change in environmental conditions. They also demonstrate the potential value of evolutionary 40 thinking in the study of global climate change.
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Introduction
55
Understanding how organisms cope with and adapt to changes in their environments is a central 56 theme in evolutionary ecology (1). However, we currently lack the tools to predict the most 57 likely evolutionary responses to changes in environmental conditions (see (2)), including those 
Results
95
Environmental variation includes both deterministic (i.e., climate) and stochastic (i.e., weather) 96 components. For example, temperatures oscillate deterministically from cold winters to hot 97 summers, but the actual values experienced in a given day vary stochastically from the 98 seasonally expected average. We modeled these components as 'reversible plasticity' in Table S1 ). As R becomes larger, locus a quickly evolves to 173 a ≈ 0 (depicted in blue in Fig. 2A determined by the fraction of the maximum payoff that it is able to achieve, such that 216 populations (e.g., snow cover for snowshoe hares (26)). Another potential example of reversibly 268 plasticity is cognitive ability, particularly given its role in enabling behavioral flexibility (27).
269
Consistent with our predictions, the evolution of cognitive enhancement appears to be driven in 270 many systems by the exposure to intense, short-term, and only moderately predictable 
where τ is a constant that determines the strength of fitness decay as a function of total 351 phenotypic mismatch. For plastic individuals (i.e., s > 0.5),
where n is the total number of times an individual adjusts its phenotype during its lifetime.
354
Individual-based simulations. Our evolutionary model is based on populations of 5,000 355 individuals exposed to mutation and natural selection for 50,000 discrete, non-overlapping 356 generations (simulation runs were replicated 100 times at each parameter combination). Table S1 for details). In such a 504 case, phenotypic plasticity does not occur (a is not expressed) and the reaction norm is flat. In 
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Genotypic variation within populations
37
In the main text we focus on population-level responses at 50,000 generations. However, we also 38 investigated the patterns of genotypic variation within populations, because the same kind of average outcome could be realized by either a genetically monomorphic or a genetically 40 polymorphic population. Briefly, we observed that evolution consistently resulted in genetically 41 monomorphic populations in our model (Fig. S2) The highly consistent evolutionary outcomes observed in Fig. 2 with relatively well-defined boundaries (Fig. S4) .
To explore the effects of alternative genotype-to-phenotype mapping, we encoded norms 59 of reaction as logistic rather than linear functions. In this model variant,
where I 0 and b are genetically inherited traits, and C is the current value of the environmental 62 cue.
63
We also evaluated the robustness of our findings to processes that may increase genetic Table S1 . Phenotypic implications of the main reaction norms evolved in our model.
1
Reaction Norm Phenotypic Implications -Individuals produce more insulation at higher levels of the environmental cue (s > 0.5 and b or ! b ≈ 1).
-Individuals adjust their phenotype every time step after development ( a ≈ 1).
-Adaptive mode: REVERSIBLE PLASTICITY -Individuals produce more insulation at higher levels of the environmental cue (s > 0.5 and b or ! b ≈ 1).
-Individuals are plastic during development but do not adjust their phenotype afterwards ( a ≈ 0 ).
-Adaptive mode: IRREVERSIBLE PLASTICITY -Individuals produce a single, non-adjustable phenotype at all possible environmental cues (s ≤ 0.5).
-Adaptive mode: Single, fixed reaction norms occur in two contexts in our model (see Fig. 3 in main text for details):
(i) in ADAPTIVE TRACKING, individual insulation levels closely match current environmental conditions, and mean population phenotypes vary gradually over time following the underlying environmental cycle;
(ii) in CONSERVATIVE BET-HEDGING insulation levels are always approximately zero. Thus, although these individuals rarely ever match their current environmental conditions, they exhibit low variance in fitness by minimizing their average thermal mismatches over time. Reaction Norm Phenotypic Implications -Individuals produce a single, non-adjustable phenotype at all possible environmental cues (s ≤ 0.5).
-The phenotype depicted in black is produced with probability h and the one depicted in green is produced with probability 1− h .
-Adaptive mode: DIVERSIFICATION BET-HEDGING
